Background. Turning has been associated with instability, falls, and freezing in people with Parkinson's disease (PD). Objective. To investigate the effect of different modalities of rhythmic cueing on the duration of a functional turn in freezers and nonfreezers. Methods. A total of 133 patients with idiopathic PD while in the on phase of the medication cycle participated in this study as part of a subanalysis from the RESCUE trial. The effect of 3 different cue modalities on functional turning performance was investigated, involving a 180° turn while picking up a tray. Time to perform this task was measured using an activity monitor. Tests were performed without cues and with auditory, visual, and somatosensory cues delivered in a randomized order at preferred straight-line stepping frequency. Results. Cueing (all types) increased the speed of the turn in all subjects. There was no difference between turn performance of freezers and nonfreezers in cued and noncued conditions. Auditory cues made turning significantly faster than visual cues (P < .01) but not compared with somatosensory cues, except in nonfreezers. There was a short-term carryover in the final noncued trial. Conclusions. Rhythmical cueing yielded faster performance of a functional turn in both freezers and nonfreezers. This may be explained by enhancing attentional mechanisms during turning. Although no harmful effects were recorded, the safety of cueing for turning as a therapeutic strategy needs further study.
T urning is an aspect of functional gait, which is associated with instability, falls, and freezing in people with Parkinson's disease (PD). 1, 2 Gait analysis of turning in PD has been limited [3] [4] [5] [6] [7] [8] [9] and only now new methodologies are being developed to address this lacuna. 10 Previous studies [3] [4] [5] [6] [7] [8] have shown that people with PD adopt a multistep approach to turning, a strategy that has been interpreted as stability enhancing. Difficulty with controlling posture and upright stance during axial rotation is probably a crucial factor inherent to turning difficulties. Recently, it was shown 11 that PD patients have disturbed posture-kinetic coordination during a diagonal stepping task, expressed as deficient initial head rotation, coupling of shoulder and pelvic movement, and delayed onset of pelvis rotation. Crenna et al 5 demonstrated that patients in the early stage of the disease start their head rotation 340 milliseconds (ms) later than controls while turning 90°. In contrast, in the study of Huxham et al 7 patients turned their head earlier than their peers but fell behind later both in 60° and 120° turns.
Turning is also the most frequent trigger for freezing in both on and off conditions. 1 Furthermore, it has been suggested that the asymmetric nature of the turning task could exacerbate interlimb synchronization difficulties and thus provoke freezing of gait (FOG). 12 Turning in daily life is frequently accompanied with additional task performance, such as picking up and replacing objects. During straight-line walking dual tasking interferes with gait speed [13] [14] [15] and increases stride duration variability, 16 considered a measure of the disturbed automaticity in PD. Willems et al 3 found that during turning, variability of step duration was significantly higher in PD than in controls. Complex turns inherent to maneuvering in the kitchen or bathroom may be compromised even more as defective basal ganglia function may hinder adaptation from one mode of locomotion to another. 17 Recognizing that turning difficulties in PD have multidimensional origins, the present study took a pragmatic approach by evaluating the effects of cueing on the time to perform a complex turn. Immediate beneficial effects of cueing on straight-line gait in PD have been well documented. 18, 19 However, auditory cues set at baseline frequency reduced variability of step duration but did not make turn performance faster. 3 Rather, cueing encouraged a wide-arc multistepping strategy.
Earlier work from our group 20,21 demonstrated that auditory cues reduced interference of dual tasking on straight-line gait. Results also showed that the modality of cue delivery made a difference. 22 Auditory was more effective than visual and somatosensory rhythmic cueing. The present study extends this analysis by analyzing the turning component of the same functional task, that is, performing a turn while picking up a tray, a situation in which patients are constrained to make From Katholieke Universiteit, Leuven, Belgium (AN, A-MW, JS); Northumbria University, Newcastle, United Kingdom (KB, DJ, LR); and Vrije Universiteit Medisch Centrum, Amsterdam, The Netherlands (IL, GK, EVW). Address correspondence to Alice Nieuwboer, Departement Revalidatiewetenschappen, Faculteit Bewegings-en Revalidatiewetenschappen, Katholieke Universiteit Leuven, Tervuursevest 101, 3001-B Leuven (Heverlee), Belgium. E-mail: alice.nieuwboer@ faber.kuleuven.be. wide-arc turns. Given the increased risk of freezing during turning, particularly in complex situations, 23, 24 the purpose of the present study was to investigate the immediate effects of cueing on functional turning in freezers and nonfreezers. Additional questions were: whether cueing effects were maintained in conditions without cues and whether there was a differential effect of cueing modality.
Methods

Subjects
We analyzed baseline data from the RESCUE trial 21 in which 153 patients with idiopathic PD were recruited from 3 centers around Northumbria University, Newcastle-upon-Tyne (UNN), Katholieke Universiteit Leuven (UNL), and the Department of Neurology at Vrije Universiteit Medical Centre of Amsterdam (UNA). The study was approved by the ethics committee of each participating center. All patients gave informed written consent. Eligibility criteria were described in detail elsewhere and can be summarized as follows: a diagnosis of idiopathic PD 25 ; stable medication usage; Hoehn and Yahr stage II, III, or IV 26 ; able to walk independently; age 18 to 80 years; no severe cognitive impairment 27 ; no other neurological, cardiopulmonary, or orthopedic disorders; and no disturbing drug-related fluctuations. Patients were excluded if they had undergone functional neurosurgery. Descriptive clinical tests included the following measures: the Brixton test for executive function, 28 the Hospital Anxiety and Depression Test (HADS), 29 the Freezing of Gait Questionnaire, 30 and a dichotomized falls-score on whether patients had fallen in the previous 3 months.
Experimental Protocol
The effect of 3 different cue modalities on gait performance was evaluated using a home-based functional test. 20 Subjects started from standing and were instructed to walk to a chair (portable test chair, see Figure 1 ) placed 6 meters away, pick up a tray with 2 cups (filled to a standard level), turn around through 180°, carry the tray back to the start position, and stop. They were asked to walk at their preferred speed and concentrate equally on all elements of the task. Measurements were taken in the on phase of the medication cycle, approximately 2 hours after medication intake. This was verified by asking subjects to fill out a visual analogue scale on how well their medication was working. The test was repeated 8 times, under the following conditions: Baseline-no cue (B 1 ); 2 cue trials (auditory, visual, or somatosensory); 2 cue trials (auditory, visual, or somatosensory); 2 cue trials (auditory, visual, or somatosensory); Baseline-no cue (B 2 ).
The order of presentation of the 3 paired cue trials was randomized. Cues were delivered using a prototype cueing device worn on a belt around the waist. The device produced a flash of light generated by a light emitting diode attached to the subjects' own glasses or a pair of clear glasses, an auditory tone was delivered via an earphone, and a somatosensory cue (pulsed vibration) through a miniature cylinder worn under a wrist band. Subjects were asked to synchronize each step with the rhythmical auditory tone, flash of light, or pulsed vibration. Frequency of cueing was determined during a 10-meter walk test at preferred walking speed. Gait was measured using an activity monitor (described below). Movement was not restricted in any way by either the monitor or the cueing device. Testers recorded whether patients showed any freezing or festination episodes during the trials (FOG episodes) using a dichotomous "observed FOG score."
Equipment
The Vitaport Activity Monitor (VAM; TEMEC Instruments Inc, Kerkrade, the Netherlands) and other similar accelerometerbased instruments have shown to be valid and reliable tools for measuring gait speed in PD during the functional test 31 as well as during dual tasking. 32 The activity monitor consists of a portable data recorder worn on a belt around the waist. Movement is measured with accelerometers that record gravitational force and accelerations of the moving limbs and trunk. For the purpose of this study 5 accelerometers were attached to the body: one on each leg positioned on the lateral aspect of the thigh, midway between the head of the femur, and the mid point of the patella, orientated in the sagittal plane. Three accelerometers were placed on the lower third of
Figure 1 Functional Test Performance
Note: The subject picks up the tray just before turning, after which straightline gait with the dual task is carried out.
the sternum with the sensors on a specially designed block, so that they were orientated in the sagittal, longitudinal, and transverse planes. The accelerometers were attached to the skin with Hypafix tape (Hypafix; BSN Medical, Hamburg, Germany). Each accelerometer was connected to the portable battery-powered VAM (Vitaport; TEMEC Instruments Inc) by cables placed under the subject's clothes. Data were sampled at a frequency of 32 Hz and stored on a removable memory card for later analysis. Data were analyzed using a specifically designed software program (Vitagraph; TEMEC Instruments Inc).
Data Analysis
Of the initial 153 patients included in the overall RESCUE trial, data of 133 patients were analyzed (freezers and nonfreezers separately). Freezers were defined as having at least weekly freezing episodes as defined by a score >1 on item 3 of the Freezing of Gait Questionnaire 30 and/or by the presence of freezing episodes during the functional test.
Ten freezers and 10 nonfreezers were excluded because of missing data: (1) inability to complete the test due to task difficulty, (2) signs of wearing-off of medication, or (3) equipment failure. A further 8 freezers were excluded from the statistical analysis of the timed data because they exhibited freezing and festination episodes, as indicated by the "observed FOG score."
Duration of turning was determined from visual analysis of the raw data collected by the VAM. The beginning and end of the turn was defined by the following standardized criteria: (1) first and last steps in the leg traces and additionally for the turn, and (2) an absence of regular peaks of the trunk trace and a prolonged dip of bending forward to pick up the tray. Based on manual placement of 2 vertical cursors (see Figure  2 ), turn times were calculated and averaged for the 2 trials. Data were analyzed separately by a blinded tester not involved in data collection for cueing modality. A mixed linear regression model with PROC MIXED in SAS (version 8.2) was used with a priori defined contrast and estimate statements to analyze the difference between conditions at α levels set to P = .05. Table 1 shows the clinical characteristics of the participants analyzed (n = 133), consisting of 65 nonfreezers and 68 freezers. Overall, patients had mild to moderate disease severity with 63 people (47.4%) in Hoehn and Yahr stage II, 58 (43.6%) in stage III, and 12 (9%) in stage IV. They did not have dementia, as shown by the mean Mini Mental State Exam (MMSE) score (28.1 ± 2.9). The mean depression score (HADS-D) was just above the normal range (0-7) with a value of 7.2 (3.5). A mean scaled score of 4.3 (3.0) on the Brixton test showed that these participants had below-average executive function. Table 1 also illustrates that freezers and nonfreezers had similar disease profiles, except for a significant difference on the Freezing of Gait Questionnaire. In addition, freezers had experienced significantly more falls during the past 3 months.
Results
Clinical Profiles
The profiles of the 8 patients, who had experienced freezing episodes during the tests, were very similar to the rest of the group of freezers, except for a significantly lower MMSE score 25 (9.4) and a higher Unified Parkinson's Disease Rating Scale Part III (UPDRS-III) score 46 (27.7; P < .05).
Freezing of Gait Episodes
Because of the abnormal distribution of freezing and festination episodes, no statistical analysis was performed on these data, except for frequency analyses of the "observed FOG scores." The 8 patients who froze during the test did so in 31 of 64 trials (48%). FOG episodes occurred in 11 out of 16 noncued trials (69%) and in 20 out of 48 cued trials (42%). Among the 48 cued trials, most FOG episodes occurred during auditory trials (9, 19%) . Seven FOG episodes (15%) occurred during somatosensory cueing and 4 (8%) during visual rhythmical cueing. Table 2 shows the duration of the functional turn for the total group of patients and for the subgroups in all 5 conditions in the 125 subjects without FOG episodes. No significant condition × subgroup interaction was found and the factor condition turned out to be the only significant factor in the model (P < .0001). Freezers tended to be slower than nonfreezers at baseline and tended to benefit more from cueing. Note: Five accelerometers were attached as described in the Methods section and data from each accelerometer are indicated in the left column. Arrows indicate the start and end of the test. The vertical lines (A-D) indicate the start and end of walking sections from which the turn time could be calculated (turn duration was 2.97 seconds), more specifically between the end of the single task (B) and the beginning of the dual task (C). Table 3 shows the effects of cueing in relation to baseline performance (without cueing) for the total group and in each subgroup. It shows that all cueing modalities significantly improved turn times in all groups, except for visual cueing, which only improved performance in freezers but not in nonfreezers. Auditory cueing was most effective in achieving faster turn times in all groups (P = .004). When analyzing the contrasts between cueing modalities in more detail (not given in Table 3 ) in the total group, auditory cueing was significantly more effective than visual cueing (P = .001), but not more so than somatosensory cueing (P = .07). Similarly, in freezers there was a significant differential effect of cueing modality (P = .05), in favor of auditory above visual cueing (P = .02) only. In contrast, auditory cueing worked better in comparison with both visual (P = .02) and somatosensory cueing (P = .02) in nonfreezers. Table 3 also illustrates that cueing effects were maintained and even heightened during the final walk without cues. This carryover effect was significantly better (P < .0001) than the pooled effects of cueing.
Group Differences of Functional Turn Performance
Figure 2 An Example of Raw Data in a Typical Subject During a Trial of the Functional Test
Cueing Effects on Functional Turn Performance
Discussion
This analysis addressed the timed performance of a complex turn, consisting of multiple components: (1) slowing down when approaching a chair with tray, (2) 180° turning while reaching out for the tray, and (3) picking it up and initiating the return walk. The timed data do not distinguish between these components but rather show an overall faster performance brought on by cueing in this multiple-task turn. These effects are striking considering that they occurred in the home, an environment in which people with PD tend to perform less well than in experimental settings. 33 A previous study in the home in which patients were asked to make a cup of tea and turn, showed that 45% of patients were not able to complete the test, illustrating the difficulty of functional turning tasks. 4 The present results are contrary to most earlier studies of rhythmic cueing on gait initiation, demonstrating no effects on the first 2 steps of walking 34 or no faster performance but rather a shift toward a multistep turn. 3 Only 1 study revealed that turn duration was significantly reduced in persons with PD and not in controls as a result of a cue and more so than when instructed to perform a fast turn. 35 The current task, in which patients had to walk toward the tray and then turn without any specific instructions, may have prevented the use of a multistep strategy and therefore sped up performance.
It is unlikely that the cueing effects can be explained by carryover of the cued single task walk preceding the turn. Previous analysis of the single-task and dual-task walk before and after the turn showed no effects in the single task but did improve dual-task walking. 22 These somewhat surprising effects on dualtask performance were ascribed to a more efficient allocation of attention. The external information provided by cues was suggested to generate and run the gait pattern, thereby reducing the need for attention for walking. [20] [21] [22] The present results may point to a similar "executive mechanism" of cueing during this multicomponent turn, in which performance is made easier and faster by reducing the attention needed for gait. Also possible is that in this complex paradigm cueing frequency set at baseline rate of straight-line walking may have given an impetus to speed up performance. Alternatively, cueing may have increased alertness for the task in general, hence enhancing performance. The significant carryover effects of cued performance onto the postcueing baseline trial (B2), which exceeded the effects of cues, may also be explained by overall increased alertness. Clearly, the actual working mechanism of cueing remains an area of speculation. Weeks et al 36 showed in healthy individuals that externally cued upper limb movement by 3 different cue modalities was associated with less volume of brain activity than performance without cues. Future studies in patients with PD need to elucidate the exact neural mechanisms of cueing, attention, and the interaction between them.
Whether the therapeutic effects of cueing are general or specific and relate to the information provided by the cue (cueing parameter) is also an area for further research. A study in which cueing frequencies were manipulated suggests a frequency-dependent effect particularly in nonfreezers. 37 In this study, we manipulated cueing modality and found that it made a difference. Auditory cueing seemed to elicit the largest effects but were not significantly better than somatosensory cues, except in nonfreezers. These results are supported by the cue preference expressed in the RESCUE trial, where 68% of people with PD chose the auditory cue, 32% the somatosensory cue, and no subjects preferred the visual cue. 21 In addition, Van Wegen et al 38 demonstrated that somatosensory cues produced comparable effects to auditory stimulation, although no direct comparison between modalities was made. Weeks et al 36 confirmed that auditory cues were found easier to use than visual and somatosensory cues, but no modality-specific activation in the motor cortical areas was identified, when compared with visual and somatosensory cueing.
Contrary to our expectations, the effects of cueing on functional turning proved to be independent of subgroup, when excluding patients with actual freezing events. During earlier straight-line gait and turning experiments, 3, 37 an overall similar pattern of results was found, except for significantly smaller synchronization errors in freezers. 37 However, post hoc analysis revealed that the effects of cues were less pronounced in freezers with respect to adapting stride length in response to higher cueing frequencies. 37 Freezers and nonfreezers in this study had similar disease profiles, except for significantly more reported falls in freezers. Despite this and the tendency to walk more slowly than nonfreezers, freezers improved their turning performance considerably in response to cues.
Only 8 patients showed actual FOG episodes, illustrating the difficulty of provoking FOG in the on phase of the medication cycle even in the home situation during a multiple task turn. Interestingly, freezers with more cognitive decline and greater disease severity seemed to be most prone to freezing. FOG episodes were present in both cued (42%) and noncued (69%) conditions. Based on this frequency analysis in a limited number of patients with specific disease profiles, no inferences can be made on the immediate beneficial or adverse effects of cueing on FOG. The RESCUE trial showed that after 3 weeks of therapeutic cueing, in which patients were taught how to deal with FOG-provoking circumstances, such as turning and dual tasking, scores improved on the Freezing of Gait Questionnaire. 21 The most important question underlying the results of this study is whether a faster turn exhibits actual clinical improvement. Slowing down motor performance, avoiding task complexity, and using wide-arc turns are frequently portrayed as sensible strategies advocated by physiotherapists. 4, 17, 39 Considering the nonmotor symptoms of the disease, in particular executive dysfunction, depression, and fatigue, 19, 39, 40 the possibility of causing harm with cueing and inducing faster performance must be raised and has not gained sufficient attention in systematic reviews. 18, 19, 41 However, in daily life patients remain confronted with the need to perform functional tasks and with the lack of space to make wide-arc turns. In this study, and in the RESCUE trial at large, 21 evidence for increased fall risk or occurrence of freezing episodes were not apparent even in a population with impaired executive dysfunction on the Brixton test. Therefore, the present results do not advocate against training cued turns. Such training may be built up gradually in speed, incorporating functional tasking and teaching how to cope with environmental distraction. Rather than outright discouraging cued dual-task training and faster turning performance, it is recommended to carefully select suitable patients for such intervention. Assessment of fall risk, freezing, and cognitive ability seem the most obvious factors to take into consideration.
In conclusion, somatosensory and auditory cues make the performance of a complex turn faster in the home environment for people with PD. This effect was apparent in both freezers and nonfreezers. Whether this constitutes a robust clinical improvement needs further confirmation by analysis of possible harmful effects, such as increasing the risk of freezing and falls.
